Avian pneumovirus (APV) infection of turkeys in Minnesota was first confirmed in March 1997. Serum samples (n ϭ 5,194) from 539 submissions to Minnesota Veterinary Diagnostic Laboratory were tested by a modified enzyme-linked immunosorbent assay (ELISA). Of these, 2,528 (48.7%) samples from 269 submissions were positive and 2,666 (51.3%) samples from 270 submissions were negative for APV antibodies. Most positive samples were from Kandiyohi, Stearns, Morrison, and Meeker counties in Minnesota. In addition, 10 samples from South Dakota were positive. The sensitivity and specificity of the ELISA test with anti-chicken and anti-turkey conjugates were compared by testing field and experimental sera. The ELISA test with antiturkey conjugate was more sensitive than that with anti-chicken conjugate. The ELISA tests with antigens prepared with APV strains isolated from Colorado and Minnesota were also compared. No difference was detectable. Currently, the Minnesota Veterinary Diagnostic Laboratory uses an antigen prepared from the Colorado isolate of APV and a goat anti-turkey conjugate in the ELISA test.
Turkey rhinotracheitis, caused by turkey rhinotracheitis virus (TRTV), was first detected in South Africa in the late 1970s 2 and was subsequently reported from Great Britain, South Africa, France, Israel, Spain, Germany, Italy, and The Netherlands. 1, 15 The TRTV is an avian pneumovirus that belongs to family Paramyxoviridae, subfamily Pneumovirinae. It is an enveloped virus that lacks hemagglutination and neuraminidase activities and contains a nonsegmented, negative-sense, single-stranded RNA. The virus has been separated into 2 subgroups, the subgroup A being formed by the early British and French isolates and the subgroup B, by the other continental European strains. 4, 5, 13 The diagnosis of TRTV infection is based on the isolation and identification of the virus and/or serology. Because of the fastidious nature of the virus, the isolation of TRTV is very difficult and time consuming. The detection of TRTV antibodies, on the other hand, may be more rapid and economical when compared with virus isolation and reverse transcriptase-polymerase chain reaction. 6, 12 Serum antibodies to TRTV have been detected by indirect immunofluorescence assay (IFA), virus neutralization, and enzyme-linked immunosorbent assay (ELISA). 3, 7, 9, 10, 16, 118 Outbreaks of avian pneumovirus (APV) infection were reported in Minnesota turkeys for the first time in March 1997. The clinical signs consisted of depression, coughing, sinusitis, airsacculitis, and mortality. Several isolates of APV were isolated from infected turkey flocks. 8 Earlier, an APV was isolated from infected turkey flocks in Colorado. 17 Although the Colorado and Minnesota isolates of APV are similar to TRTV antigenically, major differences have been found among them. 6 This study reports on the detection of antibodies to APV infection in Minnesota turkeys.
It has previously been reported that the type of TRTV antigen used in the test may influence ELISA results. 7 Therefore, Colorado and Minnesota isolates of APV were compared for use as ELISA antigens. It is also known that both anti-chicken IgG and anti-turkey IgG will react with chicken and turkey sera in the IFA and the ELISA tests. 3 ELISA tests with anti-chicken IgG have been developed for the detection of TRTV antibodies in turkey and chicken sera. 8, 14 Because turkey and chicken IgG may have differences in their epitopes, the use of anti-chicken conjugate for the detection of antibodies in turkey sera may not be ideal. The sensitivities of the ELISA test with either anti-turkey or anti-chicken conjugate were compared.
A total of 5,194 turkey sera from 539 submissions in Minnesota were tested. Also tested were 749 turkey sera obtained from turkey flocks located in Iowa, Michigan, North Dakota, South Dakota, Wisconsin, and Canada. These samples were obtained from February 1998 to July 1998. A small number of chicken (n ϭ 114) and pheasant sera (n ϭ 10) were also tested.
In addition, experimental sera from an infection study conducted at the University of Minnesota were used. Briefly, 4-week-old turkey poults were inoculated with APV/Minnesota/turkey/2a/97. Serum samples from these birds were collected on 2, 4, 6, 7, 14, and 15 days postinfection (dpi). Negative control sera from 6 noninfected birds were also collected. These experimental sera were used to compare the sensitivity and specificity of various conjugates, e.g., horseradish peroxidase-labeled goat anti-turkey conjugate, a goat anti-chicken conjugates NGC b and CGC, c and rabbit antichicken conjugate. d Three different isolates of APV were used as antigens: 1) APV/Colorado/turkey/97 isolated from turkey flocks in Colorado in 1997, 17 2) APV/Minnesota/turkey/1a/97, and 3) APV/Minnesota/turkey/2a/97 isolated from turkeys in Minnesota. 8 The viruses were propagated in vero cells. When syncytia were observed, usually within 2-3 days, the cell culture fluid was decanted and the monolayer was washed with 0.01 M phosphate-buffered saline (PBS), pH 7.2. Subsequently, 0.5 ml of 0.5% (v/v) IGEPAL CA-630, d a nonionic detergent, in 0.01 M PBS, pH 7.2, was added to each 75-cm 2 cell culture flask, and the flask was placed on a rocking platform at 4 C for 1 hour. The resulting suspension was removed and centrifuged at 3,000 ϫ g for 15 min at 4 C. Uninfected cell cultures were treated in the same manner for preparing negative control antigen. The antigens were aliquoted into small amounts and stored at Ϫ70 C until needed. The optimal dilutions of the antigens and conjugates were determined in checkerboard titrations.
For coating the plates, viral and negative control antigens were diluted in coating buffer (1.5 g sodium carbonate and 2.93 g sodium bicarbonate in 1 liter of deionized water) and were placed in alternate rows of flat-bottom, 96-well microtiter plates e at 100 l per well. The plates were covered, incubated in a humid chamber at 4 C overnight, and washed 3 times (300 l each time and 30-second soak) with a washing solution (292.2 g sodium chloride, 5.35 g disodium hydrogen phosphate, 1.73 g sodium phosphate monobasic, and 2.5 ml Tween 20 in 5 liters of deionized water). They were then covered and sealed in plastic bags and stored at Ϫ20 C.
The ELISA test used in the present study was modified from a previous ELISA test. 3 The coated plates were allowed to attain room temperature, washed 3 times, and blotted dry. Test sera were diluted 1:40 in dilution/blocking buffer a and added to 2 virus antigen-coated wells and 2 control antigencoated wells at 50 l/well. Known positive and negative control sera were included in each plate. The plates were covered, incubated at room temperature for 1 hour, washed 5 times (300 l each time and 30-second soak), and blotted dry. The conjugate was diluted in diluting/blocking buffer and added to each well at 50 l/well. After incubation at room temperature for 1 hour, the conjugate was removed, and the plates were washed 5 times and blotted dry. The substrate solution consisted of 243 ml of 0.1 M citric acid added to 257 ml of 0.2 M disodium hydrogen phosphate, pH adjusted to 5.0, the volume adjusted with deionized water to 1 liter and the addition of 0.4 g ortho-phenylenediamine. d The solution was aliquoted in 25-ml tubes and stored in the dark at Ϫ20 C until needed. At the time of use, the substrate was activated with the addition of 10 l of 30% hydrogen peroxide per 25 ml and was added to each well at 100 l/ well. After incubation in dark for 10 minutes, the reaction was stopped by adding 25 l of 2.5 M sulphuric acid to each well, and the optical density (OD) was read at 490/405 nm in an ELISA reader. f The results were expressed as the average OD difference (ODD) between virus antigen-coated and control antigen-coated wells of each serum. The ratio of ODD of serum sample and positive control serum (S/P ratio) was also calculated. A sample with ODD of more than 0.2 was considered positive.
IFA was performed to verify suspect ELISA results. Vero cell monolayers in 48-well plates were inoculated with APV/ Colorado/turkey/97. After 2-3 days of incubation, the plates were fixed with ethanol for 30 min, air-dried, and stored at Ϫ20 C until needed. A checkerboard titration was made to determine the optimal dilution of serum sample and fluorescein-labeled goat anti-turkey conjugate. a A 1:20 dilution of serum sample was added at 100 l/well. Known positive and negative control sera were included in each plate. The plates were covered and incubated at 37 C in a humid chamber for 1 hour. They were then washed in PBS for 10 minutes and rinsed with distilled water followed by the addition of 100 l of the conjugate to each well. After incubation at 37 C in a humid chamber for 20 minutes, the plates were washed in PBS for 10 minutes, rinsed with distilled water, stained with 0.01% Evan's blue for 1 minute, and washed with distilled water. They were then examined under a fluorescent microscope.
Six hundred fifty turkey serum samples were tested by ELISA with APV/Colorado/turkey/97 and APV/Minnesota/ turkey/1a/97 antigens. Another 98 turkey sera were tested with APV/Colorado/turkey/97 and APV/Minnesota/turkey/ 2a/97 as antigens. The results obtained with all 3 antigens were very similar. Sixty-eight sera from APV-infected turkeys and 34 sera from mock-inoculated turkeys were tested by ELISA with 4 different conjugates: goat anti-turkey, a goat anti-chicken (NGC and CGC), b,c and rabbit anti-chicken d conjugates. All 34 negative control sera were negative in ELISA tests with any of the 4 conjugates. When 68 sera from APV-inoculated turkeys were tested, goat anti-turkey conjugate found 50 samples to be positive and 18 to be negative; goat anti-chicken conjugate (NGC) found 1 positive, 8 suspect, and 59 negative; rabbit anti-chicken conjugate found 45 positive and 23 negative; and goat anti-chicken conjugate (CGC) found 19 positive and 49 negative, yielding sensitivities of 73, 66, 28, and 13%, respectively (Table 1) .
One hundred forty-five field sera from turkeys were also tested with goat anti-chicken (NGC) and goat anti-turkey conjugates with APV/Colorado/turkey/97 as antigen ( Table  2) . By t-test, significant differences (P Ͻ 0.001) were found between the S/P ratios of goat anti-chicken (NGC) and goat anti-turkey conjugates; the S/P ratios were higher with goat anti-turkey conjugate than with goat anti-chicken conjugate.
A total of 5,194 serum samples from 539 submissions in Minnesota were tested for APV antibodies. Approximately 1,000 sera were tested with goat anti-chicken conjugate (NGC) and the remaining sera with goat anti-turkey conjugate. Of these, 2,528 samples were positive and 2,666 samples were negative by the ELISA test with either goat antichicken (NGC) or goat anti-turkey conjugates. Samples from 269 submissions were positive and those from 270 submissions were negative for APV infection. Suspect serum samples were verified by IFA. Of the 749 sera from 70 turkey flocks in Iowa, Michigan, North Dakota, South Dakota, Wisconsin, and Canada, only 10 were positive. All of these positive samples came from a single turkey farm in South Dakota. None of the 114 chicken sera and 10 pheasant sera from Minnesota was positive for APV antibodies.
Because turkey sera tend to bind nonspecifically, both virus-coated and control antigen-coated wells were included in the ELISA tests. 3 The test sera in this study were diluted in a commercial dilution/blocking buffer. If this buffer was not used, the background of turkey serum samples in the control antigen wells was high. Several other methods were evaluated to lower the background, e.g., heating serum samples * Turkeys were inoculated with avian pneumovirus (APV/Minnesota/turkey/2a/97) and bled at 2, 4, 6, 7, 14, and 15 days postinfection (dpi). None of the sera were positive for APV antibody with any conjugate at 2, 4, and 6 dpi (n ϭ 12).
† Goat anti-turkey conjugate obtained from Kirkegaard and Perry Laboratories, Gaithersburg, MD. ‡ Goat anti-chicken conjugate obtained from the National Veterinary Services Laboratories, Ames, IA. § Rabbit anti-chicken conjugate obtained from Sigma, St. Louis, MO. Goat anti-chicken conjugate obtained from Calbiochem-Novabiochem, La Jolla, CA. at 56 C for 30 minutes, 7 blocking the ELISA plates with 1% fetal bovine serum at room temperature for 1 hour, 16 and diluting serum samples in washing buffer with 5% fish gelatin. None of these methods was successful in lowering the background.
Although isolates of TRTV are antigenically related, they can be separated into 2 distinct subgroups. 4 Monoclonal antibody studies 5 and nucleotide sequencing 11 have also demonstrated important differences in the attachment protein of TRTV strains isolated from different countries. The group formed by the early British and French strains has been named subgroup A, and the other group, formed by the other continental European strains, has been named subgroup B. 11 It has been suggested that cross-reactivity among TRTV isolates occurs because of their highly conserved internal components and that the differences are due to other viral proteins. The method of preparing ELISA antigen has been shown to influence the degree of relatedness among TRTV isolates. For example, when ELISA antigens were produced by NP-40 extraction, all isolates showed greater variation than when the antigens were prepared by simple freeze/thaw treatment. It is possible that NP-40 extraction may enrich the external viral proteins, whereas freeze/thaw treatment may enrich internal components of the virus. Discrepancies in TRTV ELISA results with different antigens have been reported 6 and it has been suggested that the efficiency of serological testing may improve if the test uses antigens prepared from virus strains originating from different geographical areas.
In the USA, isolation of APV in Colorado 15 and Minnesota 8 has been reported. To determine the antigenic relationship between APV strains isolated from Colorado and Minnesota, 650 serum samples were tested from turkey farms in Minnesota in 2 ELISA tests with either APV/Colorado/turkey/97 (APV/CO) or APV/Minnesota/turkey/1a/1997 (APV/ MN-1a) as antigen. By simple hypothesis testing, the S/P ratios of the ELISA results with APV/CO and APV/MN-1a antigens showed no significant difference (P ϭ 0.05). The S/P ratios of the ELISA results with APV/CO and APV/MN-2a as antigens also showed no significant difference in results. On the basis of these results, it appears that APV/CO, APV/MN-1a, and APV/MN-2a may belong to the same subgroup of APV.
Although both anti-chicken IgG and anti-turkey IgG react with chicken and turkey sera in IFA and ELISA tests. 3, 19 there must exist some differences in the epitopes of turkey and chicken IgG. When 145 turkey sera were tested by the ELISA test with goat anti-chicken (NGC) or goat anti-turkey conjugate, differences were noted in their S/P ratios ( Table  2) . When 12 sera from experimentally infected turkeys and 6 sera from negative control turkeys were tested, the goat anti-turkey conjugate was more sensitive than goat antichicken conjugate. When these 18 sera were tested by IFA, 9 were positive and 9 were negative. Of the 12 infected turkeys, 10 were positive by ELISA with goat anti-turkey conjugate. The 2 negative sera were collected on the second and fourth dpi, indicating that ELISA may not be able to detect early IgM antibodies.
The ELISA results with 4 different conjugates with 68 infected sera and 34 control sera from an infection study (Table 1) were similar to the results obtained with 12 sera from infected turkeys and 6 sera from negative control turkeys. Both studies showed that the ELISA test with antiturkey conjugate was more sensitive than that with antichicken conjugates.
In a preliminary study to determine the prevalence of APV infection in Minnesota, 5,194 serum samples from 539 submissions to the Minnesota Veterinary Diagnostic Laboratory were tested. Of these, 2,528 (48.7%) samples from 269 submissions were positive and 2,666 (51.3%) samples from 270 submissions were negative for APV antibodies.
Seven hundred forty-five (14.3%) samples from Kandiyohi County, 515 (9.9%) samples from Stearns County, 432 (8.3%) samples from Morrison County, and 243 (4.7%) samples from Meeker County were positive.
In Minnesota, APV first appeared in March 1997 and has caused great economic losses to the turkey industry of Minnesota. It is important to accurately diagnose this contagious respiratory disease so that appropriate control measures can be taken. A suitable diagnostic method is required for this purpose. The results shown in the present study indicate that the ELISA test with anti-turkey conjugate and APV/CO antigen is an appropriate, fast, economic, and simple test for diagnosis of APV infection.
